Abstract: Interest in current-mode (CM) filters has been growing due to the fact that current-mode
I. Introduction
A filter ( [9] , [10] , [13] ) is a two-port network that shapes the spectrum of the input signal in order to obtain an output signal with the desired frequency content. Thus, a filter has pass bands where the frequency components are transmitted to the output and stop bands where they are rejected. Traditionally, such circuits working in the continuous-time domain have been designed as resistively terminated lossless LC filters where resonance could be employed to achieve complex poles and the desired steep transition regions between pass bands and stop bands. With the growing pressure towards microminiaturization, inductors were found to be too bulky so that designers started to replace passive RLC filters by active RC circuits where gain, obtained from operational amplifiers, together with resistors and capacitors in feedback networks, was used to achieve complex poles. Active filters based on the ubiquitous op-amp have found wide acceptance throughout the industry over the past and their mature development and technology guarantee their continued popularity in many applications.
One disadvantage of op-amp based active RC filters is the limited frequency range over which these circuits can be used: the finite bandwidth of op-amps usually constrains the application to be below 100 kHz with performance becoming deteriorating with increasing frequency. For operation in MHz range the main design challenges for analog filters are: (i) Reliable high-frequency performance. (ii) Automatic on-chip tuning against fabrication tolerances and changing operating conditions. Therefore, for high frequency applications the output was obtained in the form of current where the output current was given by:
(1.1) where, g m is the transconductance parameter provided by the active device.
For application in continuous-time filters ([1] , [2] , [5] ) transconductance should satisfy the following main properties: (i) Circuits must be simple, linear and have a wide frequency response. (ii) Must have large input and output impedances to prevent undesirable interactions and simplify circuit design. (iii) They should preferably work with low-voltage power supplies to conserve power and to be compatible with the prevalent digital technologies on the same chip. (iv) Their transconductance parameter must depend on some dc bias voltage or current to facilitate electronic tuning against environmental or processing variations.
In many useful active simulations of filters, we may even insist that all the transconductors are identical and all capacitors grounded for specially simple IC layout and processing, and implementation of integrated analog filters based on analog gate arrays appears a distinct possibility. In addition, the wider useful bandwidth of transconductances coupled with the reduced effects of circuit and device parasitics on filter performance result in far higher operating frequencies at which the circuits can function.
II. Proposed Circuits
Current-mode signal processing ( [3] , [5] , [9] ) is quite attractive for low power supply voltage operation and high frequency application. In this paper design of current-mode filters using nMOS transistor current mirrors and pMOS transistor current sources as an active load, as reported in [2] , which is a counterpart of the MOS realization [4] , are presented. In that design, pMOS transistors were only used for DC current sources which provide bias currents to each current mirror and also behave as active loads of the current mirror.
The currents of these sources must match each other and also match with DC currents of each current mirror to give a proper DC bias to transistors. However the matching is sometimes difficult due to the parameter mismatch between nMOS and pMOS transistors. In this paper, design of CMOS continuous-time filters using nMOS and pMOS transistor current mirrors is presented. In monolithic integrated circuits, it has long been prohibited to use pMOS transistor for signal processing except for DC biasing purpose because of the poor characteristics of pMOS transistors, especially because of their poor frequency performances. However, due to development of semiconductor technology, pMOS transistors with performances comparable to nMOS transistors are now available and can be used as signal processing elements. Using pMOS transistors as signal processing elements, circuits can be simplified and problems resulting from difficulty of DC biasing can be avoided.
Using integrators and adders, any kind of transfer function can be realized; therefore the method can easily be applied for wide range of filter realization. Generally, monolithic integrated filters have a difficulty on setting the filter frequency due to absolute value error of elements. In these filters, the tuning of the filter frequency can easily be achieved by adjusting the current of a single DC current source.
Realization of Current-Mode Second-Order Low Pass Active Filter
Among the numerous techniques available for active RC filter realizations, we present cascade method of second order filter realization which is quite popular and can generate any type of transfer function. As the first-order low pass section can be realized by the lossy integrator of Fig. 2 and Fig. 4 [8] , the second order section is presented here. Figure-1 shows the block diagram of the current-mode second-order low Pass section using a lossless and a lossy integrator of Fig. 6 and Fig. 4 respectively [8] . While cascading the first-order or second-order sections, the DC bias current I B of each stage can be provided from the output of the former stage and therefore a single DC bias current source is only required at the front stage of filters.
III. Simulation Results
The workability of the proposed circuits were tested and verified in SPICE using 0.5µm CMOS process parameters provided by MOSIS (AGILENT) as listed in Table- For the circuit shown in Figure 2 the ac analysis were carried out with the value of dc bias current I B1 = I B2 = I B3 = 45µA, C 1 = C 2 = 1pF, (W/L) P ratio = 5µm/1µm, (W/L) N ratio = 1µm/1µm and supply voltage V DD = 2.5V. The value of cut-off frequency is found to be f O = 19.259MHz which is very well in agreement with the calculated theoretical value of f O = 19.3MHz. SPICE simulation results are shown in Figure- 
IV. Conclusion
In the given paper high frequency second order current-mode filter have been presented which can be used to form higher order active filters. This active filter is quite suitable for the realization in high frequencies of more than 10MHz and this filter can operate at a voltage as low as 1.5V or less. It has been also verified that variations in the value of either the capacitor or the bias current improves the gain as well as the operating frequency of the filters. The frequency of this filter can be easily and widely controlled by a single DC bias current and thus provides good tunability. All the circuits were tested using SPICE and the verified results confirms the theoretical values.
